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Introduction

I Starting point for features
I NFIQ 1.0
I ISO/IEC TR 29794-4:2010
I Literature

I Implementation of prototype features
I Hundreds of variations of features; parameter

configurations and variations in algorithm steps
I Iterative development to arrive at NFIQ 2.0 feature vector
I Prioritize predictive power and speed of computation
I Workshops central to development of features

Martin A. Olsen NFIQ 2.0 - Features / NIST, Gaithersburg, MD, May 4, 2016 3/23



Introduction

I Starting point for features
I NFIQ 1.0
I ISO/IEC TR 29794-4:2010
I Literature

I Implementation of prototype features
I Hundreds of variations of features; parameter

configurations and variations in algorithm steps

I Iterative development to arrive at NFIQ 2.0 feature vector
I Prioritize predictive power and speed of computation
I Workshops central to development of features

Martin A. Olsen NFIQ 2.0 - Features / NIST, Gaithersburg, MD, May 4, 2016 3/23



Introduction

I Starting point for features
I NFIQ 1.0
I ISO/IEC TR 29794-4:2010
I Literature

I Implementation of prototype features
I Hundreds of variations of features; parameter

configurations and variations in algorithm steps
I Iterative development to arrive at NFIQ 2.0 feature vector

I Prioritize predictive power and speed of computation
I Workshops central to development of features

Martin A. Olsen NFIQ 2.0 - Features / NIST, Gaithersburg, MD, May 4, 2016 3/23



Introduction

I Starting point for features
I NFIQ 1.0
I ISO/IEC TR 29794-4:2010
I Literature

I Implementation of prototype features
I Hundreds of variations of features; parameter

configurations and variations in algorithm steps
I Iterative development to arrive at NFIQ 2.0 feature vector
I Prioritize predictive power and speed of computation

I Workshops central to development of features

Martin A. Olsen NFIQ 2.0 - Features / NIST, Gaithersburg, MD, May 4, 2016 3/23



Introduction

I Starting point for features
I NFIQ 1.0
I ISO/IEC TR 29794-4:2010
I Literature

I Implementation of prototype features
I Hundreds of variations of features; parameter

configurations and variations in algorithm steps
I Iterative development to arrive at NFIQ 2.0 feature vector
I Prioritize predictive power and speed of computation
I Workshops central to development of features

Martin A. Olsen NFIQ 2.0 - Features / NIST, Gaithersburg, MD, May 4, 2016 3/23



NFIQ 2.0 Quality features

I NFIQ 2.0 is a classifier⇒features form the basis for
prediction

I Selecting features
I Speed of computation
I Contribution to predictive performance
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NFIQ 2.0 Quality features

I Global – minutiae count, orientation coherence, . . .

I Local – orientation certainty, frequency analysis, . . .
I Local quality at minutiae locations
I Mean and standard deviation of local features
I Histogram of local features (boundaries determined from

CDF)

I Classifier

I Random Forest trained for binary classification
I Input: 69 dimensional feature vector
I Output: probability of input being Class 1 (high utility)

quantized [1, 100]
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NFIQ 2.0 Quality features

I Data from operational sources (Optical sensors)

I Training set 6629 images (3295 in Class 0 and 3334 in Class 1)
I Validation set 99797 randomly selected images
I External validation on BKA data and FBI data
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NFIQ 2.0 Quality features

I Criteria for two classes of samples in training

1 NFIQ=1 (Sact > 0.7) and Sgen in 90th percentile
0 NFIQ=5 (Sact > 0.9) and Sgen < t at FMR = 10−4

I Manual validation of images in each class
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NFIQ 2.0 Quality features

Feature importance ranking
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Quality feature example - frequency
domain analysis

I QFDA local determination of ridge-valley signature
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Quality feature example - frequency
domain analysis
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Quality feature example - frequency
domain analysis
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Quality feature example - frequency
domain analysis
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Speeding up NFIQ 2.0

I Request ⇒near frame rate quality assessment (10 Hz)

I Slap sensors provide large finger images
I Removal of near constant area
I No processing of background area blocks
I Avoid removing low quality fingerprint areas

800× 750 pixel sensor output reproduced at 25% scale
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Speeding up NFIQ 2.0

330× 286 = 94380
(15.7%)

330× 286− (10× (32× 32)) = 84140
(13.9%)
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Actionable feedback

I Demand for actionable feedback from quality
algorithm

I More than a quality score - helps to answer the why
I Provide information⇒improve quality at recapture

I Finger image receives low quality score - why?

I Unintended interaction with sensor
I Pre-processing error, e.g. segmentation
I Sensor failure

I NFIQ 2.0 research kit offers actionable feedback

� empty image (µ > 250)
� uniform image pixel intensity (σ = 1.0)
� no or few minutiae detected (Nmin < 5)
� small foreground area (Nfgrnd < 50000)
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Actionable feedback

empty image µ > 250 uniform image intensity σ = 1.0
few minutiae Nmin < 5 small foreground Nfgrnd < 50000

NFIQ 2.0 = 89
µ = 177
σ = 99
Nmin = 60
Nfgrnd = 117337
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Actionable feedback

empty image µ > 250 uniform image intensity σ = 1.0
few minutiae Nmin < 5 small foreground Nfgrnd < 50000

NFIQ 2.0 = 21
µ = 220
σ = 64
Nmin = 40

�Nfgrnd = 36887
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Actionable feedback

empty image µ > 250 uniform image intensity σ = 1.0
few minutiae Nmin < 5 small foreground Nfgrnd < 50000

NFIQ 2.0 = 1
µ = 196
σ = 79

�Nmin = 0

�Nfgrnd = 16262
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NFIQ 2.0 and WSQ compression

I Deviation between uncompressed and WSQ compressed
(factor 8). 1000 images, MCYT 330 DP.
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NFIQ 2.0 and WSQ compression

I Fingerprint boundary artifact at WSQ compression (factor
8). Gamma adjusted.
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NFIQ 2.0 and WSQ compression
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Alignment with international standard

I Standardization of features a priority throughout NFIQ 2.0
development

I 29794-4 – biometric sample quality – finger image data

I current status is 3rd Committee Draft
I progression to Draft International Standard in May 2016
I projected release as International Standard in 2017

I NFIQ 2.0 effectively a reference implementation of 29794-4
at this point

I Open source, publicly available
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Contact & further information

Thanks for your attention

Martin A. Olsen
Contact: martin.olsen@{cased.de; ntnu.no}

NFIQ 2.0 nist.gov/itl/iad/ig/development_nfiq_2.cfm

Prototype quality features share.nbl.nislab.no/public
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